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PATHOLOGY OF SECONDARY DISEASE IN PRIMATES 
M. J. de V r i e s * 
Radiobiological Institute T. N. O. 
151 Lange Kleiweg, Rijswijk (Z .H. ) 
The Nether lands 
Secondary d i sease of radiat ion ch imeras was extensively studied p r i -
mar i ly in mice . The etiology of the d i sease was analysed by various expe-
r imen ta l approaches and found to be re la ted to an immunological reac t ion 
of grafted immunological ly competent cel ls against the host (the evidence 
has been reviewed seve ra l y e a r s ago by van Bekkum et al . (1959). Although 
a var ie ty of c h a r a c t e r i s t i c lesions have been descr ibed, death in these mice 
appears to be a lmos t uniformly due to infectious d i sease (van Bekkum et al . , 
1959; de Vries and Vos, 1959). The susceptibi l i ty to infections seems to be 
indirect ly re la ted to the graft an t i -hos t react ion, since it is most readi ly 
explained by the general ized atrophy of the lymphatic t i ssues in these an ima l s . 
As will be d iscussed la ter , this lymphatic atrophy may be considered to be 
a d i rec t consequence of the in teract ion between reacting donor cel ls and host 
antigen. 
Other c h a r a c t e r i s t i c s of secondary d isease in such bone m a r r o w t rea ted 
mice a re i ts late appearance and chronic course and the fact that, depending 
on host -donor combination, a cer ta in proport ion of these mice may u l t ima te -
ly survive in the p resence of permanent ch imer i sm (an extensive d iscuss ion 
of the changes in these old ch imeras and the development of immunological 
tolerance of the graft towards the host in these mice will be published e i s e -
st This work was performed under contract with Eura tom (European Atomic 
Energy Community) 51 - 53 rue Bel l iard, B r u s s e l s , Belgium. 
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where by van Bekkum et a l . , 1962). Lastly, an important feature i s , that 
the survival may be great ly enhanced by t r ea tment with antibiotics (van 
Bekkum and Vos, 1961). 
In cont ras t to the r e su l t s obtained with mice, it was found from limited 
exper ience in man and more extensive experience in monkeys, that grafting 
of homologous bone m a r r o w in i r rad ia ted p r ima tes is uniformly lethal if 
permanent c h i m e r i s m is successfully obtained (Mathé et a l . , I960; Crouch 
et al. , 1961). The existence of ch imer i sm was de termined by sero logica l 
typing of e ry throcytes or sex chromatin counts of neutrophi ls . This le tha-
lity may a lso be a t t r ibuted to secondary d isease mainly because of the fol-
lowing two observat ions . Trea tment with autologous or monozygotic twin 
bone m a r r o w can be successful; secondly, the lesions seen after homolo-
gous m a r r o w transplantat ion in par t icular those of the skin and the l iver 
parenchyma, a re highly s imi la r to those found in mice with secondary 
d i sease (de Vries et al . , .1961). 
In p r ima te s , however, the d isease has a much more acute course and 
is apparant ly of a very severe charac te r . Moreover , infectious d i sease 
cannot explain death in a substantial proportion of cases and ant ibiot ics a r e 
not effective in preventing death (Crouch et al . , 1961). 
It has been put forward, that the pattern of secondary d i sease in bone 
m a r r o w t rea ted p r ima tes is highly reminiscent of the acute mor ta l i ty ob-
tained in i r rad ia ted mice t rea ted with lymphoid cell suspensions in addition 
to bone m a r r o w (de Vries et al. , 1961). The s imi la r i ty was s t r e s s e d when a 
number of lesions p resen t in pr imate ch imeras were seemingly duplicated 
in these mice (de Vr ies , to be published). These observat ions led to the 
provis ional conclusion that morta l i ty caused by secondary d i sease in p r i -
mates is pathogenetically more direct ly re la ted to graft ant i -hos t activity 
than in bone m a r r o w t rea ted mice and secondly, that lymphoid cel ls a r e of 
p r ime impor tance in i ts production. In the following paragraphs morphologic-
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al evidence in favour of these assumpt ions will be presented . 
The mos t impor tan t les ions found in p r imate ch imeras a r e briefly r e -
viewed in table I. These les ions a r e accompanied by bone m a r r o w regene-
ration (plate 1), which c lear ly dis t inguishes the syndrome from graft r e -
ject ion. 
Table I 
PATHOLOGY OF SECONDARY DISEASE 
Bone marrow regeneration. 
Regeneration, necrosi· and atrophy of lymphatic tissues. 
Dermatosis: 
acanthosis, follicular hyperkeratosis, parakeratosis, dyskeratosis, 
vacuolar degeneration, liquefaction degeneration of basal layer, 
metaplasia of excretory ducts of sweet glands, atrophy. 
Loss, of crypt and surface epithelium in the intestines. 
Liver necrosis and isolated cellular degeneration in other epithelial 
tissue*. 
Infectious disease. 
A de rma tos i s is found, cha rac t e r i zed by e i ther acanthosis (plate 2 and 
3) or atrophy of ep ide rmis and hair follicles (plate 4). A number of degene-
rative changes of the epithelium a r e a lso apparent : p r ema tu re kera t in iza t ion 
of cel ls (dyskera tos is , plate 5, 6 and 17), liquefaction degenerat ion of basa l 
cel ls (plate 6) and vacuolar degenerat ion in the malpighian layer , some t imes 
leading to re t i cu la r degenerat ion and the formation of mult i locular ves ic les 
(plate 4). Finally, follicular hype rke ra tos i s and pa rake ra tos i s a r e c h a r a c t e r -
ist ic (plate 2 - 4). 
In a lmos t al l cases examined, seve re intes t inal changes a re p resen t . Ex-
tensive dis in tegra t ion of cel ls in the glandular crypts of the intes t inal mu-
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cosa occurs (plate 7), leading to the loss of all epithelial e lements , i. e. 
intest inal denudation (plate 8 and 9). Although the colon and ileum a re 
most severe ly affected, lesions may be present in the ent i re intest inal t ract , 
including the stomach (plate 10). The intest inal lesions to a cer ta in extent do 
resemble those known to be caused by radiation alone, but severa l a rguments 
may be put forward, which plead strongly against such an in terpre ta t ion (de 
Vries et al . , 1961). The most important of these a re that the extent of the 
lesions is out of proport ion with respec t to the radiation dose, the lesions 
occur later than would be expected if the radiation were responsible and they 
a re not found in i r rad ia ted non-t reated monkeys neither in monkeys t rea ted 
with autologous bone mar row after s imi lar radiation doses (table II). 
Table 2 
PATHOLOGY OF IRRADIATED MONKEYS TREATED WITH BONE MARROW 
Irradiated 
non-treated 
Autologous 
bon« marrow 
Homologou· 
bone marrow 
Bone marrow regeneration 
Hemorrhagic necrosis colon 
Septichemia 
Other infecteous diseases 
Denudation intestines 
Massive liver necrosis 
Jaundice 
Dermatitis 
Regeneration lymphatic tissues 
Necrosis lymphatic tissues 
0/7 
6/7 
1/7 
0/7 
0/7 
0/7 
0/7 
1/7 
0/7 
8/11 
0/11 
0/11 
V U 
iMi 
0/11 
0/11 
0/11 
7/11 
0/11 
11/12 
0/12 
0/12 
a/12 
10/12 
3/12 
5/12 
β/10 
6/12 
3/12 
2/2 
0/2 
0/2 
1/2 
0/2 
0/2 
2/2 
-
0/2 
0/2 
0/3 
2/3 
0/3 
0/3 
0/3 
0/3 
0/3 
-
0/3 
0/3 
I Τ s Tak« 
ID = Insufficient data as determined by sex chromatin counts of neutrophils 
NT ^ No lake 
*a Monkey irradiated with 1065 r 
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Dissociat ion and nec ros i s of l iver parenchyma and a var ie ty of bac t e -
r ia l , mycotic, helminthic and possibly a lso v i ra l infections have been found 
in a number of ch imera s . 
Other lesions than the above mentioned may be found in secondary 
d i sease , but will not be further d ig res sed upon at this moment. Fo r the 
p resen t d iscuss ion it is only of impor tance to s u m m a r i z e the essen t ia l 
features which al l lesions have in common. 
L· Degenerat ion of cel ls , mainly in epi thel ia l t i s sues , as a l r eady indicated 
in the previous paragraph . This may be mass ive in the in tes t ines , the 
skin and the l iver . Diffuse isolated degenerat ion of cel ls has been found, 
however, in a grea t number of other s-ites: the epithelium of the oeso-
phagus (plate 12), r ena l pelvis , sa l ivary glands, exocrine and endocrine 
par t s of the pancreas , ad rena l s , Fal lopian tube (plate 13) and bile ducts 
(plate 14 and 15). 
Cell death is indicated by a number of changes: karyor rhexxis (plate 7, 
3, 14 and 15) and pyknosis of nuclei (plate 7), vacuolar degenerat ion 
(plate 4, 6, 12 and 17) and inc reased eosinophilia of the cytoplasm (plate 
14). In the skin p rema tu re kera t in iza t ion of ep idermal cel ls has been 
mentioned (plate 5, 6 and 17) which may a lso be in te rpre ted as a mode of 
cell death. Atrophic changes may supervene in the most severe ly affect-
ed t i s sues (plate 4 and 7). 
2. Concurrent ly with the r e g r e s s i v e changes, regenera t ion usually occurs , 
which, depending on the si te, may or may not be able to r e s t o r e the in-
tegrety of the t i s sues affected. The regenera t ion is indicated by an in-
c rease of mitot ic frequency, which is most conspicious in t i ssues in 
which normal ly mi toses a re not eas i ly found (plate 13). The regenera t ive 
activity often gives r i s e to a hyperplas t ic appearance of glands or other 
epithelial t i ssues (plate 2, 3, 6, 7 and 10). 
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_3. The affected t i s sues generally a r e more or less heavily infi l trated with 
lymphoid cells (plate 4, 6, 7, 10, 12, 15 and 16). Sometimes smal l num-
b e r s of these cells a r e seen to have penetrated into the epithelium while 
the epithelial cells adjacent to the invading cells display the var ious de-
generat ive changes descr ibed before (plate 6, 7, 10, 12 and 17). In addi-
tion one often gets the impress ion that the in t ra -ep i the l ia l lymphoid cells 
a lso dis integrate , although this is difficult to verify. 
_4. A most significant sequence of changes is seen in the lymphatic t i s sues 
proper , i. e. the cortex of the lymph nodes and the splenic foll icles. Fo l -
lowing the radiat ion atrophy (plate 18), extensive regenera t ion occurs in 
a number of animals , mainly at the end of the first week (plate 19 and 20). 
Many mitotic figures a re noted and in addition large numbers of r e t i cu la r 
cel ls , s tem cells and immature lymphoid cells distend the available t i s -
sue space. 
At the end of the f i rs t week and in the second week the regenera ted 
lymphatic t i ssues of a number of monkeys examined in this period, show 
mass ive dis integrat ion of lymphoid cells (plate 21). The cha rac t e r i s t i c 
feature is , that the necros i s does not involve the s t romal supporting t i s -
sues and the vascular endothelium. 
The lymphatic t i s sues of ch imeras which survived beyond the f i rs t 2 weeks 
a r e a lmos t universa l ly severely depleted of lymphoid cel ls . The atrophic 
lymph nodes and splenic follicles a re made up of an empty re t i cu la r 
s t roma and distended sinusoids, in which only few lymphocytes and 
hist iocytic cel ls and a variable number of plasma cells a r e dis t r ibuted 
(plate 22). 
Before we at tempt to in te rpre te the given set of morphological changes, 
it is n e c e s s a r y to review a few relevant facts concerning the function of 
lymphoid cells and their fate in c h i m e r a s . 
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Per t inen t to the observat ion of lymphoid cel l infi l trat ion in the d i seased 
t i s sues of p r imate c h i m e r a s , is the evidence that a skin homograft is r e j e c t ­
ed by a ce l l media ted immunological reac t ion (Brent, 1958). The immunolo­
gically active cell is believed to be the s m a l l lymphocyte (Gowans et a l . , 
1961). Of s imi l a r significance is the finding, that the pathological changes 
in homologous skin grafts , which a r e being rejected, r e semble in many 
detai ls those occur r ing in the skin of radiat ion ch imera s , as desc r ibed 
e a r l i e r in this paper (de Vr ies , to be published). The assumpt ion s e e m s to 
be justified, that in the p r ima te radiat ion ch imera , ce r ta in host t i s sues a r e 
being " re jec ted" in a somewhat s im i l a r way by the homologous t ransp lan t 
of lymphoid ce l l s . With the n e c e s s a r y r e se rva t i ons these assumpt ions a r e 
supported by the following observa t ions in rodent c h i m e r a s . The lymphatic 
t i s sues of mice t rea ted with ra t bone m a r r o w appear to be repopulated by 
lymphoid donor cel ls (Brocades Zaalberg and van Bekkum, 1959). Moreover , 
autoradiography has shown, that when donor lymphoid cel ls labeled with 
t r i t ia ted thymidine a r e injected into new-born r a t s (Por te r and Cooper, 
I962) or into 5-week old F . hybrid r a t s , respect ive ly , (Gowans et al. ,1961) 
labeled cel ls a r e found to mig ra t e not only into the lymphatic t i s sues proper , 
but a lso into the intes t inal mucosa. Exper iments in which s imi la r ly labeled 
cells were used have suggested that the same occurs in i r r ad ia t ed F . mice 
t rea ted with paren ta l spleen cel ls (Balner, 1962). In this context it should 
be reca l led that the mucosa l epi thel ium belongs to the mos t severe ly affect­
ed t i s sues in p r imate c h i m e r a s . 
Gore r and Boyse (1959) have desc r ibed a des t ruc t ion of the lymphoid 
t i ssues of the host in (non- i r radia ted) (C57BL χ A ) F . mice t rea ted with i s o ­
immune parenta l s t r a in ce l l s . They postulated that the rapid d i sappearance 
of C57BL lymphoid cel ls , as noted in their exper iments , is due to damage by 
the excess of antigen in the host environment to which these ce l ls a r e exposed. 
This would indicate that, in the graft an t i -hos t react ion not only the ta rge t 
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cells but a lso the antibody-forming cells a r e being destroyed. 
With these data in mind, we may now at tempt a tentative recons t ruc t ion 
of the set of events leading to secondary d isease and death in pr imate rad ia -
tion ch imeras . 
In the available space in the lymphatic t i ssues , caused by the radia t ion 
induced cel lular depletion, a repopulation by lymphoid donor cel ls , der ived 
from the injected bone marrow, occurs . In the absence of sensi t izat ion the 
proliferat ion at f i rs t takes place unimpeded and is possibly even promoted 
by antigenic stimulation, leading to the formation of a pool of potentially 
immunologically competent ce l ls . Subsequently cells from these lymphatic 
organs migra te to per iphera l t i s sues . 
During the second par t of the f irs t week sensit ization occur s . The sen-
sit ized cells penetrate the epithelium of a variety of organs and t i ssues and 
severely damage their epithelial cells , ei ther by the secre t ion of ant i-body or 
by non-specific cytotoxic products l iberated during the desintegrat ion of 
donor lymphoid cells after interaction with host cells (so-cal led enzymatic 
dest ruct ion as suggested by Amos, I960). Similarly because of the in t e r -
action between host antigen and lymphoid donor cells mass ive des t ruc t ion 
of the la t ter ul t imately occurs in the lymphatic t i s sues . 
The loss of epithelial cells induces a process of repa i r , which seems 
to be at least part ial ly successful in some t i ssues , but apparently cannot 
compete with cell des t ruct ion in others such as the intest inal crypts , where 
extensive denudation of the mucosa occurs . 
The death of the host may be explained by the consequences of intest inal 
denudation and possibly by toxic factors due to the wide-spread dest ruct ion 
of both host and donor cel ls . 
One of the facts that st i l l demand an explanation is , why the intes t inal 
crypt cells a re so par t icu lar ly sensit ive to the graft ant i -host react ion . One 
factor could be the combination of radiation induced and immunological 
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damage, as has been d i scussed in a previous paper (de Vr ies et al . , 1961). 
Another may be the c i r cums tance that the intest inal t r ac t is in fact a lymph-
atic organ, and moreover , a lymphatic organ in which epithelial t i s sue is 
int imately assoc ia ted with lymphoid ce l l s . In the ch imer ic intest ine, the 
epi thel ia l t a rge t cel ls a r e obviously surrounded by the pool of immunologic-
ally active donor ce l l s . 
If our assumpt ions a r e c o r r e c t the conclusion must be drawn that the 
whole problem of the ea r ly death of the p r imate ch imera cen t res around the 
lymphoid donor ce l l s . In p r ima tes t r ea tment with homologous bone m a r r o w 
r e su l t s in an ea r ly un res t r a ined prol i ferat ion and accumulat ion of donor 
lymphoid cel ls , p resumably accounting for the inevitable ea r ly lethali ty. In 
those homologous hos t -donor combinations in mice t rea ted with m a r r o w only, 
in which severe secondary d i sease occurs , this ea r ly repopulat ion is not 
appa ren t to the extent that it is seen in p r i m a t e s . As will be reca l led secondary 
d isease in these mice develops in a much la ter phase. Evidently not the p r i -
mary effects of the graft an t i -hos t react ion, but the secondary atrophy of the 
lymphatic t i s sues endangers the life of these mice by the inc reased r i sk of 
infection. It s e e m s therefore , that this late form of secondary d i sease may 
be self- l imit ing, due to the fact that lymphoid cel ls newly produced by the 
graft, which has been sensi t ized by that t ime, a r e continuously el iminated 
due to the excess of host ant igens. 
As will be d i scussed in the next paper, one solution of the d i lemma 
would be, to s e a r c h for niethods to e l iminate select ively lymphoid cel ls from 
bone m a r r o w suspens ions of p r i m a t e s . It might be expected that monkeys 
t rea ted with such suspensions would s t i l l develop the late form of secondary 
d isease , as it occurs in bone m a r r o w t rea ted mice . One could hope, however, 
that p r ima tes t rea ted in that way, survive the ea r ly dangerous phase and be 
effectively t rea ted during the late phase of secondary d i sease which might 
ensue. 
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Another more a t t rac t ive approach would be an in vi t ro induction of i m ­
munological tolerance of donor lymphoid cells towards the prospect ive host. 
Resul ts of exper iments by van Putten with mice (van Putten, 1962) give r i s e 
to the hope that large amounts of tolerant lymphoid cells may successfully 
compete with s imi la r non-tolerant cells present in pr imate bone mar row 
suspension. 
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Plate 1 Bone m a r r o w regenera t ion in monkey, 26 days after i r r ad ia t ion 
o 
(700 r) and t rea tment with homologous bone m a r r o w (11. 2 x 1 0 
cel ls) . 
Hematoxylin and easin χ 190 
Pla te 2 Dermatos i s in same monkey as in plate 1. Note acanthos is , s eve re 
follicular hyperkera tos i s and lymphoid cell infil tration of d e r m i s 
in general and surrounding the hair follicles. 
Hematoxylin and eosin χ 30 
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Plate 3 Dermatos i s in a leukemic child, 29 days after 880 r Co γ ­α i r radia t ion and 19 days after t rea tment with 11. 5 χ 10 bone 
mar row cells from its mother . Acanthosis and follicular hyper­
kera tos i s . 
Hematoxylin and eosin χ 40 
(courtesy of G. Mathé) 
Plate 4 Dermatos i s in monkey, 19 days after i r radia t ion (600 r) and 
Q 
t rea tment with homologous bone mar row (15. 2 x 1 0 cel ls) . 
P a r a k e r a t o s i s . An atrophic hair follicle is p resen t to the 
right. Vacuolar degenerat ion in s t ra tum malpighii, leading to 
formation of clefts and small ves ic les . Lymphoid cell inf i l t ra­
tion of de rmi s , severa l of these cells have penetrated the epi­
thelium. 
Hematoxylin and eosin I90 χ 
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Plate 5 Dermatos i s in same child as in plate 3. In the ep idermis 3 dys-
keratot ic cells a re present . 
Hematoxylin and eosin x 300 
Pla te 6 Dermatos i s in same child as in plate 3. Lymphoid cell infil tration 
of d e r m i s accompanied by extensive liquefaction degenerat ion of 
basa l layer . Acanthosis . A number of dyskeratot ic cel ls may a lso 
be seen. 
Hematoxylin and eosin χ 190 
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Plate 7 Wide-spread disintegration of crypts in the colon of monkey 7 
days following irradiation (700 r) and treatment with homologous 
bone marrow (28 χ 10 cells). Note heavy lymphoid cell infiltra­
tion of lamina propria and invasion by several of these cells of 
the epithelium of a hyperplastic crypt to the right. In this crypt 
several mitoses as well as diffuse pyknosis and karyorrhexxis of 
epithelial cell nuclei may be seen. Two other crypts are atrophic 
and show accumulation of degenerated and desquamated cells in 
the lumen. 
Hematoxylin and eosin χ 300 
Plate 8 Complete loss of crypt and surface epithelium in the ileum of 
monkey 7 days after irradiation (750 r) and 6 days after treat-
ment with homologous bone marrow (35 χ 10 cells) which had 
been stored in an ice-box at 4° C for 48 hours. 
Hematoxylin and eosin x 30 
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Plate 9 Complete loss of crypt and surface epithelium in i leum of leukemic 
child 43 days after 950 r Co y ­ i r r ad ia t ion and t r ea tment with 9 its mothe r ' s bone mar row, 12 and 15 days la ter (total of 14. 5 x 1 0 
cel ls) . Surface of denuded mucosa is covered with fibrin and a few 
exudate cel ls . 
Hematoxylin and eosin x *20 
(courtesy of G. Mathé) 
Plate 10 Cystic degeneration of mucosal glands of s tomach in same monkey 
as in plate 8. Note desquamation of dis integrated cells and a com­
pletely atrophic gland in a centre of a focus of lymphoid cell in­
fi l tration to the right. Other glands have a hyperplast ic appearance . 
Normal glands may be seen at left margin . 
Hematoxylin and eosin χ 120 
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Plate 11 Dissociat ion and nec ros i s of hepatic parenchyma in monkey 
23 days after i r rad ia t ion (740 r) and t rea tment with homologous 
g 
bone m a r r o w (24 χ 10 cel ls) . 
Hematoxylin and eosin χ 120 
Plate 12 Diffuse vacuolar degenerat ion of cells in esophageal epithelium 
of same monkey as in plate 7. A smal l vesicle containing dege­
nera ted cells is seen in the cent re . Note lymphoid cel l inf i l t ra­
tion in lamina propr ia with diffuse extension into epi thel ial layer . 
Hematoxylin and eosin χ 120 
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Plate 13 Karyorrhexxis and nuclear pyknosis in tubal epithelium of s ame 
monkey as in plate 8. A mitotic figure is seen in upper left co r ­
ner . 
Hematoxylin and eosin χ 300 
Plate 14 Karyorrhexxis in the epithelium of a med ium-s ized inter lobular 
bile duct of same monkey as in plate 8. At the right marg in a 
few necrot ic l iver cel ls with increased eosinophilia of cytoplasm 
a r e seen. 
Hematoxylin and eosin χ 190 
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Plate 15 Periportal lymphoid cell infiltration in liver of same monkey as 
in plate 8. A few disintegrating epithelial cel ls are present in a 
small bile duct. 
Hematoxylin and eosin x 300 
Plate 16 Invasion of lymphoid cells into epithelium of hair follicles of same 
monkey as in plate 4. 
Hematoxylin and eosin χ 300 
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Plate 17 Pyknosis and vacuolar degenerat ion of epithelial cel ls adjacent 
to invaded lymphoid cells in ha i r follicle of same monkey a s in 
plate 4. In lower right corner 2 dyskera to t ic cel ls a r e seen. 
Hematoxylin and eosin. χ 480 
Pla te 18 Radiation induced atrophy of lymph node of nontrea ted monkey 
15 days after i r rad ia t ion (810 r ) . A few collections of lympho­
cytes a r e s t i l l p resen t in the depleted r e t i cu la r s t r o m a . 
Hematoxylin and eos in . χ 120 
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Plate 19 Regeneration in lymph node of same monkey as in plate 8. The 
cortex is crowded with lymphoid cells (see next plate). 
Hematoxylin and eosin. x 30 
Plate 20 Same lymph node as in plate 19. Extensive proliferation of reti­
cular cel ls , stem cells and immature as well as mature lymphoid 
cel ls is apparent. Note several mitotic figures. 
Hematoxylin and eosin. χ 190 
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Plate 21 Wide-spread dis integrat ion of lymphoid cells in lymphatic folli­
cles and medul lary t issue of lymph node of monkey 14 days after 
i r rad ia t ion (650 r) and t r ea tment with homologous bone m a r r o w 
(22 χ 10 8 cel ls) . 
Hematoxylin and eosin. χ 190 
Pla te 22 E x t r e m e atrophy of lymph node of monkey 47 days after i r r a d i a -
Q 
tion and t r ea tment with homologous bone m a r r o w (22 χ 10 ce l l s ) . 
The cor tex is more severely depleted of lymphoid cel ls than in 
control monkeys (compare with plate 18). The sinusoids a r e 
dilated. 
Hematoxylin and eosin. x 30 
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